The study was undertaken to examine the best fitted ARIMA model that could be used to make efficient forecast boro rice production in Bangladesh from 2008-09 to 2012-13. It appeared from the study that local, modern and total boro time series are 1st order homogenous stationary. It is found from the study that the ARIMA (0,1,0) ARIMA (0,1,3) and ARIMA (0,1,2) are the best for local, modern and total boro rice production respectively. It is observed from the analysis that short term forecasts are more efficient for ARIMA models. The production uncertainty of boro rice can be minimizing if production can be forecasted well and necessary steps can be taken against losses. The government and producer as well use ARIMA methods to forecast future production more accurately in the short run.
Introduction
Agro-based developing country like Bangladesh is striving hard for rapid development of its economy. The economic development of the country is mainly based on agriculture. The contribution of agriculture sector in GDP is 20.87 percent (BER, 2008) . In the agriculture sector, the crop sub-sector dominates with 14.32 percent in GDP of which rice alone contributes about 53 percent. In Bangladesh although 63 percent of the labour force is directly engaged in agriculture and 78 percent of total crop is devoted to rice production, the country has still a chronic shortage of food-grain (BBS.2003) . Boro -a Bengali term originated from the Sanskrit word 'BOROB'. It refers to a special cultivation of rice in low land pockets during November-May; taking advantage of the residual water in the field after harvest of Kharif crop, longer moisture retentivity of the soil and surface water stored in the near by ditches (Singh et al 2003a) . Thakur et al. (2003) reported boro in Shivapuran as one of the offerings to the God. In Bangladesh rice is grown in three distinct seasons; boro (January to June), aus (April to August), and amon (August to December). Modern rice varieties were introduced for the boro and aus seasons in 1967 and for the amon seasons in 1970 (Hossain et al. 1994) . In Bangladesh boro rice occupied nearly 35% of the 10.80 million ha of rice harvested area, and contributed 50% of the 38.7 million tons of rice produced in 2001/2002 . The yield in 2001/2002 was 4.9 ton/ha (Singh et al 2003b) .
For future planning it is necessary to evaluate the growth pattern of boro rice production that is achieved at the time in the country as a whole and also in the different varieties of the country. To reveal the growth pattern and to make the best forecast of boro production in Bangladesh appropriate time series model that can be able to describe the observed data successfully are necessary.
For prediction purpose one or both of two types of models, usually known as structural regression models and time series models are often used in practice. The use of structural regression models requires information about the factors affecting the time series. On the other hand, time series analysis, especially Box-Jenkin type ARIMA models, let the data speak for themselves i.e. the future movements of a time series are determined using its own present and past values (Box and Jenkins, 1978) . Among the stochastic time series models ARIMA types are very powerful and popular as they can successfully describe the observed data and can make forecast with minimum forecast error. These types of models are very difficult to identify and estimate. They are also expensive, time consuming and possesses a complex model building mechanism. So far we know few works have been undertaken for forecasting boro rice production in Bangladesh using ARIMA models. The objective of the study is to develop appropriate ARIMA models for the time series of local, modern and total boro rice production in Bangladesh and to make five year forecasts for all the time series with appropriate prediction interval.
Material and Methods
To achieve the stipulated objectives, the present study has been carried out on the basis of local, modern and total boro rice production data pertaining the period 1967-68 to 2007-08, which were collected from secondary (BBS various issues) source. The time series data of local, modern and total boro rice production were modeled by Box-Jenkins type stochastic autoregressive integrated moving average (ARIMA) process. The Box-Jenkins type ARIMA process (Box and Jenkins, 1978) can be defined as
, Here, t y denotes local, modern and total boro rice production million metric tons, µ is the mean of (Pindyck and Rubinfeld, 1991, p.461) .The second step is to estimate the parameters of the model. Here, the method of maximum likelihood is used for this purpose. The third step is to check whether the chosen model fits the data reasonably well. For this reason the residuals are examined to find out if they are white noise. To test if the residuals are white noise the ACF of residuals and the Ljung and Box (1978) statistic are used. In case of two or more competing models passing the diagnostic checks the best fitted model is selected using the following criteria multiple R 
Results and Discussion

Stationarity checking using ACF
Auto correlation function is a very constructive tool to find out whether a time series is stationary or not. Both ACF and PACF are used to determine auto-regression and moving average orders of the models. ACF and PACF of our three time series of local, modern and total Boro rice production are constructed. All the graphs represent that autocorrelations taper of very slowly indicating that all the series are nonstationary (Fig. 1, Fig. 3 and Fig. 5 . Now it is needed to take 1st-difference of all the time series and construct autocorrelation functions to see if they are stationary or not. The autocorrelation functions of 1st differenced time series of local, modern and total boro rice production are presented in Fig. 2, Fig. 4 and Fig. 6 respectively. The 1st differenced time series shows stationarity, as the autocorrelation declines faster than the auto correlation of undifferenced series. Now it is clear that ACFs of all the 1 st -differenced series decline rapidly. So, it is revealed that local, modern and total Boro time series are stationary of order one. Before taking decision about stationarity of the series, the study need to carry out the formal ADF test of stationarity.
Stationarity Checking using ADF
A part from the graphical methods of using ACF for determining stationarity of a time series, a very popular formal method of determining stationarity is the Augmented Dickey-Fuller test. Here, these tests done for all the time series. The estimates of necessary parameters and related statistics for the time series of local, modern and total Boro rice production are presented in Table 1 . The analysis exposed that the hypothesis of random walk that underlying process of generating the time series is non-stationary can not be rejected, as the related F statistics is insignificant at 5% level. So, all the undifferenced time series are non stationary and they must be 1
To perform the ADF test for the 1 st -differenced time series of local, modern and total Boro rice production essential analysis are presented in Table 2 . A further, the analysis shows that local, modern and total Boro rice production, the 1 st -differenced time series are stationary as the F statistics are significance at 5% level. From the ACFs and ADF test, we can take decision that local, modern and total boro times series are stationary of order one. Modeling time series of local boro rice production For selecting ARIMA model for local boro rice production series a routine test of identification applied before using Box-Jenkins methodology. Figure 1 represents the ACF and PACF plots of local boro rice production series at their level up to 16 lags. From this figure, the facts stand out that at the beginning ACF has five significant spikes and PACF has only one significant spike .On the other hand, the ACF plots and PACF plots in the Fig. 2 is showing a different configuration. In this figure, the ACF shows no significant auto-correlation at any lag. It is also evident from the Box-Ljung statistic presented on the top of ACF that all the differenced values are within the 95% confidence limit. This implies that the series is non-stationary at their level and stationary at first difference. Moreover, the residuals are uncorrelated. Augmented Dickey-Fuller unit root tests are showing the stationarity position of this series at same order of difference. Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of auto-regression and moving average process of local boro rice production series are selected by estimating the ARIMA models at p=0,l and q==0,1,2,3,4,5 using the SPSS 11.5 software packages.
Twelve ARIMA models at different values of p, d, and q are estimated using the same packages as mentioned in the previous section. The tentatively selected models are ARIMA (0,1,0), ARIMA (0,1,1), ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4), ARIMA (0,1,5), ARIMA (1,1,0), ARIMA (1,1,1), ARIMA (1,1,2), ARIMA (1,1,3), ARIMA (1,1,4) and ARIMA (1,1,5). Out of these twelve models three models are selected comparing the minimum values of the criteria A1C and B1C. The selected models are ARIMA (0,1,0), ARIMA (0,1,1) and ARIMA (1,1,0). These three models are again compared according to the minimum values of RMSE, MAE, MSE and MAPPE and maximum value of R 2 and 2 R which are given in Table 3 . Hence, it can be concluded that ARIMA (0,1,0) is the best fitted model for forecasting the local boro rice production in Bangladesh. This justified that the selection of ARIMA (0,1,0) is the best model to represent the data generating process very precisely. From the above table 3 it is observed that the model ARIMA (0,1,0) is better than the other models because this model satisfied the all criterion except MSE and 2 R . So the select ARIMA (0,1,0) is the best model. 
Modeling time series of modern boro rice production
For selecting ARIMA model of modern boro production series a routine test of identification applied before using Box-Jenkins methodology. Fig. 3 represents the ACF and PACF plots of modern boro rice production series at their level up to 16 lags. From this figure, the facts stand out that at the beginning ACF has nine significant spikes and PACF has only one significant spike .On the other hand, the ACF plots and PACF plots in the Fig. 4 is showing a different configuration. In this figure, the ACF shows no significant auto-correlation at any lag. It is also evident from the Box-Ljung statistic presented on the top of ACF that all the differenced values are within the 95% confidence limit. This implies that the series is non-stationary at their level and stationary at first difference. Moreover, the residuals are uncorrelated. Augmented Dickey-Fuller unit root tests are showing the stationarity position of this series at same order of difference.
Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of auto-regression and moving average process of modern boro rice production series are selected by estimating the ARIMA models at p=0,l and q==0,1,2,3,4,5,6,7,8,9 using the same software packages.
Twenty ARIMA models at different values of p, d, and q are estimated using the same packages as mentioned in the previous section. The tentatively selected models are ARIMA (0,1,0), ARIMA (0,1,1), ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4), ARIMA (0,1,5), ARIMA (0,1,6), ARIMA (0,1,7), ARIMA (0,1,8), ARIMA (0,1,9), ARIMA (1,1,0), ARIMA (1,1,1), ARIMA (1,1,2), ARIMA (1,1,3), ARIMA (1,1,4), ARIMA (1,1,5), ARIMA (1,1,6), ARIMA (1,1,7), ARIMA (1,1,8) and ARIMA (1,1,9). Out of these twenty models three models are selected comparing the minimum values of the criteria A1C and B1C. The selected models are ARIMA (0,1,0), ARIMA (0,1,3) and ARIMA (1,1,0). These three models are again compared according to the minimum values of RMSE, MAE, MSE and MAPPE and maximum value of R 2 and 2 R which are given in Table 4 . Hence, it can be concluded that ARIMA (0,1,3) is the best fitted model for forecasting the modern boro rice production in Bangladesh. This justified that the selection of ARIMA (0,1,3) is the best model to represent the data generating process very precisely. Note: The value of the criterion for a model with bold numerals that the model is better than other models with respect to that criterion
From the above Table 4 it is observed that the model ARIMA (0,1,3) is better than the other models because this model satisfied the maximum criterion except MAE and MAPPE. So the select ARIMA (0,1,3) is the best model.
Modeling time series of total boro rice production
For selecting ARIMA model of total boro production series a routine test of identification applied before using Box-Jenkins methodology. Fig. 5 represents the ACF and PACF plots of total boro rice production series at their level up to 16 lags. From this figure, the facts stand out that at the beginning ACF has nine significant spikes and PACF has only one significant spike .On the other hand, the ACF plots and PACF plots in the Fig. 6 is showing a different configuration. In this figure, the ACF shows no significant autocorrelation at any lag. It is also evident from the Box-Ljung statistic presented on the top of ACF that all the differenced values are within the 95% confidence limit. This implies that the series is non-stationary at their level and stationary at first difference. Moreover, the residuals are uncorrelated. Augmented DickeyFuller unit root tests are showing the stationarity position of this series at same order of difference.
Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of auto-regression and moving average process of total boro rice production series are selected by estimating the ARIMA models at p=0,l and q==0,1,2,3,4,5,6,7,8,9 using the SPSS same software packages.
Twenty ARIMA models at different values of p, d, and q are estimated using the same packages as mentioned in the previous section. The tentatively selected models are ARIMA ( R which are given in Table 5 . Hence, it can be concluded that ARIMA (0,1,2) is the best fitted model for forecasting the total boro rice production in Bangladesh. This justified that the selection of ARIMA (0,1,2) is the best model to represent the data generating process very precisely. Note: The value of the criterion for a model with bold numerals that the model is better than other models with respect to that criterion From the above Table 5 it is observed that the model ARIMA (0,1,2) is better than the other models because this model satisfied the maximum criterion except MAE and MAPPE. So the select ARIMA (0,1,2) is the best model.
The above discussion about the fitness of various models to the time series of boro rice production in Bangladesh reveals that ARIMA(0,1,0), ARIMA (0,1,3) and ARIMA (0,1,2) models are appropriate for local, modern and total boro rice production respectively. It also reveals that the selection of the best model for a particular category can sometimes be very confusing. However the discussion recommends a best model for a particular category as given in Table 6 . 
Diagnostic checking
For diagnostic checking ACF of residuals and Ljung and Box chi square statistic are widely used in practice. In Table 7 the chi square statistics are given for all the best-selected stochastic models with Pvalues. All the chi square values are insignificant. It implies that the residuals of the respective time series are white noise implying that the model fitness is acceptable. 
Forecasting
Five years forecasts of local, modern and total boro production are estimated using the best selected models and are presented in Table 8 . Prediction intervals of forecast are also presented. 
Conclusion
A time series model accounts for patterns in the past movement of a variable and uses that information to predict its future movements. In a sense a time series model is just a sophisticated model of extrapolation. Time series data have become very popular to be intensively used in empirical research and econometricians have recently begun to pay very careful attention to such data. To select the best model for a particular time series the latest available model selection criteria are used. The study revealed that ARIMA (0,1,0), ARIMA (0,1,3) and ARIMA (0,1,2) models are appropriate for local, modern and total boro rice production in Bangladesh respectively and it is to be noted that the short-term forecast is better as the error of forecast increases with the increase of the period of forecast.
